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Commercial  development  of  small  satellites  (SmallSats)  opens  up  the  opportunity  to  fly  more  sophisticated  payloads  in  less 
time  and  for  less  money  than  larger  satellites.  SmallSats  are  generally  defined  as  spacecraft  that  are  in  the  150  to  500 
kilogram  weight  class  and  can  be  launched  to  orbit  with  a  Pegasus  or  Scout  class  launch  vehicle.  The  present  environment 
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The  objective  of  this  study  is  to  model  the  on-orbit  vibration  environment  encountered  by  a  SmallSat.  Vibration  control 
issues  are  common  to  the  Earth  observing,  imaging,  and  microgravity  communities.  A  spacecraft  may  contain  dozens  of 
support  systems  and  instruments,  each  a  potential  source  of  vibration.  The  quality  of  payload  data  depends  on  constraining 
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Mission  Selection 
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Identification  of  Potential  SmallSat  User 
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Earth  Observing  System  (EOS) 
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To  date,  the  majority  of  microgravity  experiments  have  been  performed  on  manned  carriers  or  recoverable  unmanned  carriers.  Not 
much  interest  has  been  expressed  in  non-recoverable  microgravity  experiments  since  the  resultant  sample  from  the  experiment  is  in  most 
cases  the  primary  source  of  data.  This  is  particularly  true  in  the  areas  of  materials  science  and  biotechnology. 
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Imaging  Payloads 

Imaging  payloads  must  also  account  for  spacecraft  jitter.  Industry  has  made  the  call  for  on-orbit  sensing  that  can  provide 
multi-look,  multi-spectral,  high-resolution  images  of  both  the  land  and  the  oceans  of  this  planet.  The  majority  of  images  are 
provided  by  either  SPOT  or  LandSat  resources  and  resolutions  are  limited  to  the  10-30  meter  range.  As  demand  for  more 
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Imaging  Payloads 
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Selection  of  Payload 

The  requirements  of  GLAS  were  considered  very  stringent  for  the  150  -  500  kg  class  of  payloads.  Once  the  payload  was 
selected,  a  generic  SmallSat  was  designed  in  order  to  accommodate  the  payload  requirements  (weight,  size,  power,  etc.). 
This  study  seeks  to  characterize  the  on-orbit  vibration  environment  of  a  SmallSat  designed  for  this  type  of  mission  and  to 
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Selection  of  Spacecraft  Bus 
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This  table  presents  the  orbital  parameters  selected  for  the  analysis.  The  parameters  are  based  upon  GLAS  payload 
requirements. 
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Two  simulations  were  used  to  analyze  the  jitter  environment  of  a  SmallSat.  LEO-SIM  and  EOS-SIM  were  both  used  to 
evaluate  the  jitter  environment.  This  allowed  direct  comparisons  of  the  two  simulations  and  aided  in  the  verification  of  the 
results.  Each  simulation  has  distinct  advantages  and  disadvantages. 
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A  finite  element  model  of  the  spacecraft  was  built  using  MSC  NASTRAN.  The  NASTRAN  model  included  the  spacecraft 
bus,  GLAS  experiment,  solar  array  (position  corresponding  to  the  ascending  node  of  the  spacecraft  orbit),  and  the  high  gain 
antenna.  The  results  of  the  NASTRAN  analysis  were  used  as  input  to  both  simulations.  The  spacecraft  center  of  gravity. 
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The  following  tables  shows  a  breakdown  of  the  spacecraft  weight  and  the  ACS  components: 
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The  Low  Earth  Orbit  Simulation  (LEO-SIM)  is  a  spacecraft  simulation  initially  developed  and  verified  for  the  UARS  platform.  The 
simulation  is  written  in  FORTRAN  and  incorporates  rigid  body  and  flexible  body  responses  of  a  spacecraft.  Due  to  time  and  resource 
constraints,  only  the  rigid  body  response  was  used  for  the  SmallSat  analysis.  Few  modifications  were  required  to  the  FORTRAN  code 
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The  PLATSIM  is  a  spacecraft  simulation  initially  developed  and  validated  for  the  EOS-AMl  spacecraft.  The  simulation  is  written  in 
MATLAB  script  and  incorporates  rigid  body  and  flexible  body  responses  of  a  spacecraft  The  spacecraft  dynamics  are  input  into  the 
simulation  via  the  modes  and  mode  shapes  of  the  spacecraft  determined  by  the  NASTRAN  finite  element  analysis.  Both  rigid  body  and 
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.  Additional  MATLAB  script  is  available  to  model 
controllers  for  jitter  suppression 
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The  SmallSat  analysis  concentrated  on  determining  the  effect  of  individual  disturbances  upon  the  spacecraft.  The  following 
disturbances  were  analyzed:  environmental,  solar  array  thermal  snap,  solar  array  harmonic  drive,  and  momentum  wheel  dynamic 
imbalance.  The  environmental  disturbances  are  due  to  solar  pressure  and  aerodynamic  forces.  The  effect  of  these  disturbances  upon 
the  SmallSat  was  derived  as  a  set  of  forcing  functions  in  roU,  pitch,  and  yaw.  Forcing  functions  are  derived  as  a  set  of  axial  forces  an 
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Description  of  the  Aerodynamic  Disturbance 
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Description  of  Solar  Pressure  Disturbance 
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Solar  Pressure  Disturbance 
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The  model  of  the  disturbance  caused  by  the  thermal  snap  of  the  solar  array  as  it  enters  and  leaves  the  penumbra  is  based  upon  a  similar 
analysis  performed  for  the  UARS  solar  array.  For  this  type  of  an  array,  the  thermal  snap  is  more  of  a  bending  phenomena. 
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Thermal  Snap  Disturbance 
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spacecraft  enters  and  leaves  the  penumbra 


Description  of  Thermal  Snap  Disturbance  (Continued) 
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High  Gain  Antenna  Disturbance 
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wheel  speed,  which  changes  through  the  spacecraft's  orbit,  and 
the  wheel  location 


Description  of  Momentum  Wheel  Dynamic  Imbalance  Disturbance 
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The  model  of  the  disturbance  caused  by  the  solar  array  harmonic  drive  is  based  upon  a  similar  analysis  performed  for  the  EOS  and 
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.  Jitter  associated  with  thermal  snap  and  the  high  gain 
antenna  must  be  reduced  by  one  order  of  magnitude 
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This  study  shows  the  importance  of  identifying  and  quantifying  on-board  vibrational  disturbances  associated  with  operating  machinery 
and  flight  dynamics.  Even  with  a  simple  hardware  configuration,  on-board  disturbances  can  exceed  payload  jitter  requirements  and 
reduce  instmment  science  return.  Over  time,  spacecraft  buses  and  payloads  have  become  smaller  in  size  due  to  advances  in 
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APPENDIX  B  -  MICROGRAVITY  EXPERIMENT  CANDIDATE  SUMMARY 

(Sorted  by  payload  weight  less  than  136  kg) 
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